Summary. Mouse fetal livers of 12 days gestation were transplanted beneath the kidney capsule of syngeneic castrated male hosts. Recipients received a single intraperitoneal injection of 5 mg estriol (E3) immediately after transplantation and were sacrificed 4, 7 and 14 days later. Control mice received injections of solvent only. The fetal liver grafts of the E3 groups showed remarkable growth compared with the control grafts at each corresponding time. In the grafted fetal livers of the E3 groups, many more basophilic hepatocytes appeared for much longer periods, and the early formation of wide sinusoids was noted. Although hemopoietic activity had almost ceased a short time after transplantation in the control grafts, many prominent extra. sinusoidal erythroid, granulocytic and megakaryocytic hemopoietic foci developed and persisted to the end of the experiments in the grafted fetal livers of the E3 groups. In the next experiment, the recipients received three injections of 0.5-5 mg E3 at 5-day intervals, and were sacrificed 21 days after transplantation. Control animals received solvent only in the same manner. The fetal liver grafts of the E3 groups also showed remarkable, dose dependent growth. The growth was particularly striking at doses of 3-5 mg E3. In the grafts of these groups, basophilic hepatocytes were predominant, and hepatic cords and sinusoids were well formed. Moreover, sinusoidal erythropoiesis was intense. These results provide evidence for the possible role of E3, secreted from the placenta into the fetal circulation, in the development of the fetal liver.
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During human pregnancy, large quantities of placental estrogens are secreted into both the maternal and fetal circulations (RYAN, 1980) . It is generally agreed that placental estrogens reaching the fetus are extensively metabolized and conjugated. On the other hand, it is known that the fetus is exposed to high plasma concentrations of unbound unconjugated estrogens (TULCHINSKY, 1973; RYAN, 1980) . The influence of these biologically active estrogen fractions on the development of fetal organs is little understood. The secretion rate of estriol (E3) into the fetal circulation is markedly higher than that of estrone (E1) and estradiol (E2) (RYAN, 1980) . E3 is the most potent stimulant of hepatocyte proliferation among these three natural estogens (FUJII, HAYAMA and KOTANI,1985) . Estrogen receptors are known to exist in the fetal liver cells of various species (PASQUALINI, SUMIDA and GELLY, 1976; IQBAL et al., 1983; LAX et al., 1983) . Therefore, in the present study, fetal mouse livers were transplanted beneath the kidney capsule of adult hosts and E3 was administered to ascertain its possible physiological role in the growth of the fetal liver. The effect of E3 on fetal liver hemopoiesis was also investigated.
MATERIALS AND METHODS
Inbred C57BL/6J strain mice from our own colony, housed in a coventional mouse room at 20-23t were used throughout. They were fed a laboratory chow and given water ad libitum. Female mice were placed in a cage with a breeder male and their vaginal plugs were checked to define Day 0 of gestation. On Day 12 of gestation, pregnant mice were sacrificed by cervical dislocation and the fetuses were removed from the uteri. One entire fetal liver was transplanted into the subcapsular space of the kindney of each recipient male mouse, exposed through a flank incision without opening the peritoneal cavity, under ether anesthesia. The recipient male mice had been castrated seven days before transplantation.
Recipients received a single intraperitoneal injection of 5mg E3 in 1 ml aqueous suspension (Estriel; Mochida Pharm.
Co., Tokyo) immediately after fetal liver transplantation. Control mice were given 1ml solvent (50mg arabic gum and 1mg polysolvent 80 in 100ml isotonic saline) only. The animals were sacrificed by cervical dislocation 4, 7 and 14 days after transplantation.
In the next experiment, recipients received three intraperioneal injections of 0.5, 1, 3 or 5mg E3 in 1ml aqueous suspension on the day of fetal liver transplantation, or 5 and 10 days after. Control mice were given 1ml solvent in the same manner. The animals were sacrificed 21 days after transplantation.
The liver grafts from three mice at each time point in each of the control and E3 groups were excised with the underlying kidney tissue, fixed in Carnoy's solution, embedded in parraffin, sectioned serially at a 6um thickness and stained with hematoxylin and eosin. The maximum width and thickness of serial sections of each graft was measured using a micrometer and the mean+SE calculated. Statistical significances of differences in mean values were assessed using Student's t-test; a P value of less than 0.05 was considered significant. The sections were then examined histologically. In addition, sections of the fetal liver at 12 days gestation, immediately before transplantation and at 1 h afterwards, were prepared for the basic study. Sections of normal liver on Day 19 of gestation and Days 5 and 12 after birth were also made for comparison with the histology of the grafts, corresponding to 7, 14 and 21 days respectively after transplantation.
RESULTS
The livers of 12-day fetuses transplanted beneath the kindney capsule of hosts and injected with 5 mg E3 into the peritoneal cavity were examined 1 h, 4, 7 or 14 days after transplantation.
The fetal liver, apparently round before transplantation, was compressed between the capsule and the kidney parenchyma and became elongated as early as 1 h after transplantation (Table 1 ). The sizes of the E3 group grafts were *: Controls received solvent only, **: Mean±SE (3 mice in each group), P: P value between control and E3 groups. almost always longer than those of the cotrol groups, this difference becoming greater with time after tansplantation. Histologically, two kinds of hepatocytes were distinguishable in the grafts. The first (Type 1) was filled with basophilic materials throughout all or most of the cytoplasm and contained few or no ragged empty spaces. The second kind (Type 2) had sparse basophilic materials in fine filaments and strands, surrounding irregularly shaped, apparently large empty spaces in their cytoplasm. Transitional cells, intermediate between Type 1 and 2, were also recognized. Four days after tansplantation, fibrinous degeneration occurred to a greater degree and extent much more severely and widely in the grafts of the control group than in those of the E3 group (Fig. 1) . In the control grafts, there were more Type 2 than Type 1 hepatocytes, but Type 1 cells predominated in the E3 grafts. Seven days after transplantation, the Type 1 cells had largely disappeared from the control group grafts and the majority of the hepatocytes were Type 2 (Fig. 2a) . In the E3 group grafts, in contrast, most or all hepatocytes were Type 1 (Fig .   Fig. 4 . Appearance of a grafted fetal liver 21 days after transplantation; hematoxylin-eosin stain; x 300. Control (a); three injections of 1 (b), 3 (c) and 5 (d) mg E3, at 5-day intervals. In contrast to the 1-2 layers of hepatocytes (arrows) in a, hepatocytes increased to a thickness of several layers in the 1 mg E, group grafts, as shown in b. Most or all hepatocytes in a and b are Type 2, whereas in c and d they are Type 1. Mitosis of a hepatocyte can be seen in d. A small erythroid focus appearing in a graft of the 1 mg E3 group is indicated by an arrow in b. In c and d, erythroid precursors are numerous in well developed sinusoids. A small granulocytic focus (arrow) found in a graft of the 3mg E3 group is shown in c. K kidney. 2b). Fourteen days after tansplantation, no Type 1 cells were found in the grafts of the control group, and all hepatocytes were Type 2 (Fig. 2c) . In the E3 group grafts, Type 1 cells were the major component ( Fig. 2d ) with varying numbers of Type 2 and transitional cells. In addition, a sponge-like structure consisting of thick cords and wide sinusoids was formed in the E3 group grafts 7 and 14 days after tansplantation (Fig. 2b, d ), whereas no hepatic cords or sinusoids were observed in the control grafts throughout.
Although numerous unidentifiable hemopoietic precursors were scattered throughout the 12-day embryonic liver, no distinct clusters of hemopoietic cells (hemopoietic foci) were observed. Four days after transplantation, hemopoietic foci-consisting either of erythroid or granulocytic precursors or both -were identified in the grafts of both control and E3 group (Fig. 1 ). Megakaryocytes were also seen as isolated cell foci, and were rarely formed into clusters. Hemopoietic activity became small and sporadic on Day 7 and rare on Day 14 (Fig. 3a, b) . In the E3 group grafts, in contrast, erythroid and granulocytic foci increased greatly in number and size on Day 7 (Fig. 3c) , persisting on Day 14 (Fig. 3d) . The number of megakaryocytes was also increased. In the next experimet, the livers of 12-day fetuses transplanted in the same way and receiving various doses (0.5-5mg) of E3 on three occasions at 5-day intervals were examined 21 days after transplantation. There was already a distinct difference in the width and thickness of grafts even between the 0.5 mg E3 and control groups ( Table 2) . The difference in the size of grafts between the control and E3 groups became more conspicuous as the dose increased from 0.5 to 5mg E3. Histologically, all hepatocytes were Type 2 in the control group grafts and constituted 1-2 layers (Fig. 4a) . In the grafts of the 0.5 and 1 mg E3 groups, the number of cell layers increased up to 3-4 and 4-6 respectively, and almost all the hepatocytes were Type 2 (Fig. 4b) . In the 3 and 5 mg E3 groups, the grafts grew greatly to large masses, forming hepatic cords and sinusoids (Fig. 4c, d ). The number of Type 1 hepatocytes was strikingly increased to become the major component, with only a few Type 2 hepatocytes.
Although no hemopoietic foci were found in the grafts of control and 0.5mg E3 groups, a few small erythroid foci were found in only one of the three grafts of the 1mg E3 group (Fig. 4b) . In the 3 mg E3 group grafts, striking erythroid hemopoiesis often appeared abruptly in well developed sinusoids (Fig.  4c) . In the 5 mg E3 group grafts, erythroid hemopoiesis was intensive, and numerous erythroid precursors were seen in sinusoids (Fig. 4d) . In addition, small granulocytic foci were occasionally found in the 3 and 5 mg E3 group grafts (Fig. 4c ).
DISCUSSION
We have previously reported that E3 induces the hepatocyte proliferation (FUJII, HAYAMA and KOTANI, 1985) , hepatic hemopoiesis (HAYAMA et al., 1983) and enhancement of alpha-fetoprotein production (KOTANI et al., 1987) and suppression of albumin production (TERAO et al., 1989) by hepatocytes in the adult liver. These findings indicate a transient reversion to the fetal liver by E3 and, furthermore, a possible physiological influence of E3-secreted into the fetal circulation from the placenta (TULCHINSKY, 1973; RYAN, 1980) , on the development of the fetal liver. The present study presented several lines of evidence suggesting an effect of E3 on liver development during fetal life. The fetal liver grafts in hosts which received E3 showed remarkable growth, owing to the proliferation of fetal hepatocytes.
E3 induced basophilic hepatocytes for a long period in the grafted fetal liver, in addition to prominent and persistent hemopoietic foci. E3 also caused the early formation of hepatic cell cords and sinusoids in the grafted fetal liver.
The mechanism of these actions of E3 is uncertain. The stimulatory effect on fetal hepatocyte proliferation may be due to the direct action of estrogen receptors present in fetal hepatocytes (PASQUALINI, SUMIDA and GELLY, 1976; IQBAL et al., 1983; LAX et al., 1983 ). An increase in RNA polymerase activity by estrogens may be a possible trigger for hepatocyte proliferation, as has been reported for the uterus (CLARK and PECK, 1979) . On the other hand, some estrogeninduced autocrine growth factors, as has been reported for responsive breast cancer cells (ROCHFORT et , 1986) , are also likely to mediate the mitogenic effect on hapatocytes. A growth factor from platelets for hepatocytes has also been described (NAKAMURA, TERAMOTO and ICHIHARA,1986) . In the present study, E3 induced the early formation of wide sinusoids in the grafted fetal liver. The sinusoidal supply may be essential for the survival and proliferation of fetal hepatocytes. The close relationship between hepatocyte proliferation and sinusoid dilatation by E3 has been demonstrated in the adult mouse liver (FUJII, HAYAMA and KOTANI, 1986) and in ectopic transplanted adult mouse liver fragments . The strong activation of the reticuloendothelial system by E3 may also aid the proliferation of hepatocytes (KOTANI, 1990) . A peculiarity of fetal hepatocytes is their production of alpha-fetoprotein. The induction of basophilic hepatocytes by E3 in the grafted fetal liver may be indicative of the close relationship between alpha-fetoprotein production by fetal hepatocytes and E3 during fetal life, as has been shown in the adult liver with the time course of serum E3 concentration after intraperitoneal injection of an E3 suspension (KoTANI et al., 1987; TERAO et al., 1989) .
The fetal liver is known to be a major site of hemopoiesis, which almost ceases a short time after transplantation.
In contrast, many prominent erythroid, granulocytic and megakaryocytic hemopoietic foci were found in grafted fetal livers on Days 7 (corresponding to 19 days gestation) and 14 (corresponding to 5 days after birth) after transplantation into host animals, which was followed by a single administration with 5 mg E3. These hemopoietic foci were extrasinusoidal, similar to those described by FUKUDA (1940) and BANKSTON and PING (1980) . Hemopoiesis in the normal mouse liver at 19 days gestation is erythroid, and megakaryocytic only, and erythroid hemopoiesis in the normal mouse liver 5 days after birth is mostly sinusoidal. In grafted fetal livers in animals which received three doses of 3-5 mg E3 on Day 21 after transplantation (corresponding to 12 days birth), intensive sinusoidal erythroid hemopoiesis was observed. Moreover, small granulocytic foci were occasionally found. All kinds of hemopoiesis almost cease in the normal mouse liver by Day 12 after birth.
Although the effects of E3 on the induction, development and prolonging of hemopoiesis in the grafted fetal liver has been shown, it remains unclear whether hemopoietic foci are developed from numerous hemopoietic precursors present in the 12-day fetal liver at transplantation or if they are from exogenous hemopoietic stem cells. According to JOHNSON and MOORE (1975) , an exogenous supply of hemopoietic cells is a prerequisite for the establishment of hemopoietic foci in fetal liver grafts. The conspicuous appearance of basophilic hepatocytes, the early formation of wide hepatic sinusoids and the strong activation of the reticuloendothelial system by E3 are thought to be necessary for anchoring the hemopoietic precursors or stem cells and for their subsequent differentiation as local microenvironmental factors (FUKUMOTO, 1992; HATA et al., 1993) . The granulocyte-macrophage colony stimulating activity caused by E3 (HAYAMA, NAWA and KOTANI, 1985) is also thought to be an external humoral factor necessary for the settling and development of granulocytic precursors.
In conclusion, the present study produced several line of evidence suggesting the role of E3 in the growth and hemopoiesis of the fetal liver, as well as discussing possible mechanisms.
